Aim: Trikatu churna is an important and unique polyherbal formulation used for various therapeutic indications. The World Health Organization (WHO) has emphasized the need to ensure the quality of medicinal plant products and herbal formulations by using any modern controlled techniques. High-performance thin-layer chromatography (HPTLC) is a frequently used technique to develop the chromatographic fingerprints. Therefore, the present study was carried out for quality evaluation of Trikatu churna through the development of standardization protocol with comparative HPTLC fingerprint profiles of successive extracts besides routine analysis.
INTRODUCTION
Commercial interest of herbal medicines and their preparations is increasing day by day. According to global industry analysis, it is estimated that the global herbal market will reach $107 billion by the end of 2017. It indicates Ayurveda is one of the most practiced, substitute medications throughout the world. 1 
, (AFI). According to Sharangdhar samhitha, Trikatu
Churna is hot in potency and simulative in nature. When it is used along with other herbs, it enhances the bioavailability of active constituents of the co-herbs in the target area of disease 3 and acts as immunomodulatory and anti-inflammatory 4 etc.
At present, there is a desperate need for the development of quality parameters for herbal drugs and raw plant materials. The WHO has emphasized the need to ensure the quality of medicinal plant products by using any advanced controlled techniques. 5 HPTLC is a frequently used technique to develop the chromatographic fingerprints 6 for the concerned track applied for representing many chemical components or organic substances. These fingerprint profiles are used as an official marker of the biological complexity. By this approach, it is possible to obtain a proper identification of the plant materials. Identification and confirmation are the key components for the quality control of Ayurveda, Siddha and Unani formulations and HPTLC is the optimal way to complete these two tasks in a short time and in an econom ical way.
This study was aimed to develop a standardization protocol by analyzing the physicochemical parameters, preliminary phytochemicals. 7 Some of the quantitative phytochemical analysis for the ingredients and the inhouse prepared formulation; its micronutrients. Highperformance thin-layer chromatography profiles of various successive extracts of formulation and HPTLC fingerprint profiles of a respective solvent extract of ingredients extracted successively (by using nonpolar to polar solvents ) are verified by matching the Rf values; many spots or components to find out the presence of raw plant material/ingredients in the formulation. These fingerprint profiles are used to ensure its quality for the development of standardization protocol for the poly herbal formulation besides carrying out the routine safety parameters such as microbial load and heavy metals analysis for ingredients and formulation.
MATERIALS AND METHODS

Collection of Plant Materials
The raw botanicals namely Piper nigrum L. (fruit), Piper longum L. (fruit) and Zingiber officinale Roscoe (rhizome) were procured from the local market, Chennai. The single drugs or plant raw materials were identified and authenti cated by the Botany Section of CSMRADDI, Chennai.
Preparation of Trikatu Churna
Each ingredient was separately ground into fine powder and passed through sieve no. 85 individually. Equal quantities of each fine powder of Piper nigrum, Piper longum, and Zingiber officinale were thoroughly mixed and then sieved through sieve no. 44 to obtain Trikatu churna as per procedure given in Ayurvedic Formulary of India, Part I, 7:14.
Preparation of Test Solution by Successive extraction
Four gram of Trikatu Churna and 4 gram each of its ingredients namely Piper nigrum, Piper longum, and Zingiber officinale were successively extracted with 500 mL of hexane, chloroform, and alcohol using soxhlet apparatus for 5 to 6 hours and the respective solutions were filtered and evaporated at lower temperature to get the residue. The residues so obtained were dissolved in hexane, chloroform, and alcohol respectively to make up to 10 mL in the 10 mL volumetric flasks.
Instrumentation (a) High-Performance Thin-Layer Chromatography (HPTLC)
system: A CAMAG HPTLC system (Muttenz, Switzerland) equipped with a sample applicator TLC autosampler 4, twin trough plate development chamber, TLC Scanner 3, Win CATS software version 1.4.4. and Hamilton Syringe (Reno, Nevada, USA). HPTLC studies were carried as per reported methods.
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(b) Ultraviolet (UV)-visible Spectrophotometer: UV-visible spectrophotometer ( Shimadzu Make, UV1601) used for the colorimetric evaluations such as assay of tannin, assay of phenol and assay of total sugar in the formulations and ingredients by the reported methods using standards Tannic acid, 11 Phenol, 12 and Glucose 13 respectively.
(c) Flame Photometer: Flame photometer (Elico Make, Model CL 378) used for the assay of sodium (Na) and potassium (K) in the formulation and ingredients by using the Na and K standards from Merck Millipore with NIST traceability.
(d) Atomic Absorption Spectrophotometer (AAS):
The GBC makes Avanta model used for lead (Pb) and Cadmium (Cd) estimation though Flame-AAS analysis through using Pb and Cd standards from Merck Millipore with NIST traceability.
High-Performance Thin-Layer Chromatography Method
Quantity of 10 µl each of Trikatu Churna and its ingredients were spotted on an aluminum plate (E. Merck) pre-coated with Silica gel 60 F254 of 0.2 mm thickness using Linomat applicator. The plate was developed in the below-given solvent systems (Table 1) for the respective successive extracts of hexane, chloroform, alcohol, and air dried. After development, the plate was observed under UV 254, and 366 nm and TLC profiles were documented. The plate was scanned under UV 254 nm using scanner-3, Camag HPTLC instrument using Deuterium lamp and HPTLC fingerprint profiles were documented. The plate was then dipped in vanillin-sulphuric acid reagent and heated in a hot air oven at 105 o C until the color of the spots appeared, and the photo documentation done.
RESULTS AND DISCUSSION
Physicochemical parameters such as loss on drying, total ash and acid-insoluble ash, extractive values and pH have been carried out for Trikatu churna, and for its three ingredients and the results are given in Table 2 . Likewise, the successive extraction of each sample of Trikatu churna and its three ingredients were carried out using a sox hlet apparatus and the extractive values given in Table 3 . Preliminary phytochemical tests for Trikatu churna were carried out; it was found that the alkaloids, carbohydrates, phenols, quinones, tannins, and triterpenoids were present; 14 coumarins, flavonoids, steroids, saponins, and acids were found to be absent in the churna. 14 Assay of some of the phytochemicals namely Tannins, Sugars and Phenols have been carried out by UV-Visible spectrophotometer, and the findings are given in Table 4 . Assay of micronutrients/minerals such as sodium (Na) and potassium (K) have been carried out for ingredients and formulation using Flame photometer, and the values were given in Table 5 . Heavy metals (Pb, Cd, Hg, and As) analysis, Aflatoxins have been carried out, and values are found not detectable (ND), and so it was ensured that the ingredients and formulation are safe for use. A microbial load was also verified for their limits in the ingredients and formulation to the safe use (Table 6 ). In our previous study, regular TLC profiles and HPTLC fingerprints for pure alcohol extract (polar solvent) of ingredients and Trikatu formulation 14 as well as pharmacognostical evaluation have been carried out and in this study the identification through HPTLC fingerprints of successive extracts of each three ingredients along with formulation's respective successive extracts (Figs. 1 to 6) with increasing polarity of solvents namely n-hexane, chloroform and ethanol have been developed in various TLC solvent systems of mobile phase for the unique way of evaluation of the formulation. Thus, this study will help to develop standardization protocol with the TLC and HPTLC profiles of successive extracts of ingredients along with that of the formulation. In this way, the developed TLC profiles cannot be manipulated as the extracts are collected successively in both the case of formulation and ingredients in the polarity order of the solvents from low to higher end and comparing, besides the routine physicochemical and quality control parameters.
CONCLUSION
In conclusion, all routine test parameters have been carried out in three ingredients and the Trikatu churna formulaion besides additional TLC and HPTLC profiles of successive extracts of ingredients and Trikatu churna compared for the evaluation of quality along with safety parameters. This study concludes that the development of comparative HPTLC profiles for successive extracts of formulation and all ingredients for identity and quality evaluation of the formulation is an added value for the standardization protocol.
